Abstract : The oxidation of metallic mercury in vitro by red blood cells of normal, hypocatalasemia and acatalasemia human subjects is not always in proportion to catalase activity. Methemoglobin-hydrogen peroxide compounds and glutathione peroxidase in red blood cells appeared to accelerate mercury oxidation. The oxidation of metallic mercury in vivo in the lungs and blood of normal, hypocatalasemia and acatalasemia mice exposed to metallic mercury vapor was roughly proportional to the decrease in catalase activity.
Kudsk" indicated that an enzyme was related to the oxidation of metallic mercury so that the absorption ratio of mercury vapor by oxidation with catalase decreased by the addition of alcohol. The increased oxidation and uptake2) of metallic mercury by the blood in the presence of methylene blue or menadione suggests that catalase may play an important role in the oxidation of metallic mercury in the presence of hydrogen peroxide. The oxidation of metallic mercury by crystallized liver catalase and the inhibition of mercury oxidation by 3-amino-1,2,4-triazole3) also explain the oxidation of metallic mercury by catalase. Magos et al.4) reported that the catalase activity of human blood samples incubated with 3-amino-1,2,4-triazole in the presence of methylene blue decreased and the oxidation of mercury vapor by the red blood cells also decreased. Dunn et al.5) demonstrated that the mercury exhaled increased after the administration of ethyl alcohol to mice injected with a single dose of mercuric chloride. Magos6) reported that the oxidation of mercury in the blood was not instantaneous and that the rapid transport of the unconverted metallic mercury to the brain and its subsequent rapid diffusion from the blood was responsible for the high level of mercury in the brain after exposure to mercury vapor. Clarkson7) also reported high levels of mercury in the fetus similar to those in the brain.
We review the reports related to the oxidation of metallic mercury, which was demonstrated by means of the catalase in the blood of normal, hypocatalasemia and acatalasemia human subjects, and the oxidation of metallic mercury by ferric compounds. The difference in mercury distributioin among the organs of normal and acatalasemia mice was also examined in vivo after their exposure to metallic mercury vapor.
The oxidation of metallic mercury in vitro by red blood cell suspensions from normal, and acatalasemia humans8) and mice and by liver homogenates from normal and acatalasemia mice
The oxidation of metallic mercury in vitro by red blood cell suspensions from normal humans in the presence of hydrogen peroxide was 19.5 times higher than that in the absence of hydrogen peroxide. The oxidation of metallic mercury by red blood cell suspensions from acatalasemia humans in the presence of hydrogen peroxide was 3.8 times higher than that in the absence of hydrogen peroxide. The oxidation of metallic mercury by acatalasemia hemolysates was 0.27 times without and 0.02 times with hydrogen peroxide than that by normal hemolysates. The results are shown in Table 1 . Red blood cells prepared from human acatalasemia blood with a trace of catalase activity and with normal levels of other enzymes oxidized extremely small quantities of mercury in vitro as compared with the red blood cells prepared from normal subjects. Although the oxidation of metallic mercury by red blood cells of normal humans without hydrogen peroxide showed 3.3 and 12.7 times higher oxidation with and without hydrogen peroxide, respectively, than that by red blood cells of acatalasemia human subjects, the catalase activity in the blood of normal humans was 332.0 times higher than that in the blood of acatalasemia humans. Thus, the oxidation of metallic mercury by red blood cells is not solely due to the catalase activity, but also to the methemoglobin-hydrogen peroxide compounds and glutathione peroxidase in the red blood cells.
The oxidation of metallic mercury by red blood cell suspensions from normal mice was 13.3 and 2.4 times higher with and without hydrogen peroxide, respectively, than that by red blood cells from acatalasemia mice. The oxidation of metallic mercury by liver homogenates from normal mice was 1.3 and 1.2 times higher with and without hydrogen peroxide, respectively, than that by liver homogenates9) from acatalasemia mice. Thus, catalase activity and the presence of hydrogen peroxide had no effect ( The oxidation of metallic mercury in vitro by normal, hypocatalasemia and acatalasemia hemolysates of Japanese10) with or without hydrogen peroxide Normal and hypocatalasemia hemolysates were similar in their ability to oxidize metallic mercury with hydrogen peroxide, while the oxidation of metallic mercury by acatalasemia hemolysates with hydrogen peroxide was lower than that by normal or hypocatalasemia hemolysates.
The results are shown in Fig. 1 . The oxidation rates of metallic mercury by normal, hypocatalasemia and acatalasemia hemolysates without hydrogen peroxide decreased in proportion to the decrease in catalase activity. A system generating a trace of hydrogen peroxide seems to be present in red blood cells.
The oxidation of metallic mercury by human red blood cell suspensions with only glucose and glucose oxidase was hardly recognized.
It was recognized only when a trace of hydrogen peroxide was generated continuously with the glucoseglucose oxidase system11) as a model of hydrogen peroxide generation, assuming the state is close to that in vivo. The results shown in Table 2 suggest that red blood cells or tissues may fix metallic mercury and prevent it from passing the blood-brain barrier.
The oxidation rates of metallic mercury by hemolysates of normal mice in Warburg flasks saturated with metallic mercury vapor were 2.6 and 31.0 times higher, respectivey, than those by hemolysates of hypocatalasemia and acatalasemia mice in the presence of hydrogen peroxide. In the presence of 1 mM potassium cyanide in the above system, the oxidation rates of metallic mercury by hemolysates of normal, hypocatalasemia and acatalasemia were 60, 82 and 43 per cent,12) respectively. increase with increased activity of catalase in the presence of hydrogen peroxide. W hen ethyl alcohol was added to the catalase-1-1202 system as an inhibitor of catalase at a fixed concentration of hydrogen peroxide, the oxidation rates of metallic mercury by catalase decreased as the concentration of ethyl alcohol was increased (Table 4 ). The competitive nature of inhibition by ethyl alcohol was shown by the plots of Lineweaver and Burk18) with two straight lines having different slopes, one with and the other without ethyl alcohol, and crossing at the same intercept on the axis of Y (Fig. 2) . The results suggest that the sites on the catalase reacting with mercury and ethyl alcohol are very close to each other or identical.
The oxidation rates of metallic mercury by lactoperoxidase increased with increased concentrations of hydrogen peroxide. When L-dopa, which may serve as a substrate for lactoperoxidase, was added to the lactoperoxidase-H202 system, the oxidation rates of metallic mercury by lactoperoxidase at a fixed concentration of hydrogen peroxide decreased as the concentration of L-dopa was increased (Table 4 ). The plots of Lineweaver and Burk") for mercury oxidation by lactoperoxidase with or without L-dopa gave two straight lines with different slopes and with the same intercept on the axis of Y (Fig. 2) . The competitive nature of the results indicate that L-dopa and mercury serve as a substrate for lactoperoxiadse.
When pyrogallol was added to the horseradish peroxidase-1-1202 system as a substrate, the oxidation rates of metallic mercury by the enzyme decreased with increased concentrations of the acid (Table 4 ). The results were very similar to those of the oxidation rates of metallic mercury by lactoperoxidase.
The plots of Lineweaver and Burk18) on horseradish peroxidase gave competitive-inhibition kinetics with respect to pyrogallol and mercury (Fig. 2) . Thus, both may serve as substrates for the horseradish peroxidase reaction.
The oxidation mechanism of metallic mercury by catalase is considered by Deisseroth et al.19) to be as follows:
Ferric ion is transformed into Fe3+00H by hydrogen peroxide, and Fe3+00H oxidizes mercury and is then converted to Fe3+OH. The reaction is thus considered to be a recyclic one.
(1) (2)
The reaction mechanism of catalase with ethyl alcohol or metallic mercury can be depicted as follows:
In the peroxidase reaction, L-dcpa or pyrogallol may play a role similar to that of ethyl alcohol.
Explanation on the oxidation of metallic mercury by catalase active group after being activated with hydrogen peroxide (compound I) illustrates in footnote*.
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